Introduction
The success of a cell's survival under different growth conditions depends on its ability to regulate a coordinated transcriptional response to specific environmental changes or stresses, involving large groups of genes [1, 2] . In bacteria, transcriptional regulation of genes depends on the binding of proteins to DNA, but also on the physical configurations of the resulting mesoscopic protein/DNA complex, the nucleoid [3] [4] [5] .
Specific nucleoid-shaping transcription factors (NSTFs) have the task of modulating the nucleoid's dynamic structure in response to changes in environmental conditions [6] . This can result, for example, in a change in the compaction of the chromosome and in a differential distribution of mechanical energy, stored as supercoiling. These changes in the physical properties of the DNA can affect the level of expression of specific genes, in parallel to the activity of specific transcription factors. NSTFs may thus change the expression of many genes (some of which may code for the same NSTFs) both directly and through the physical conformations that they induce on the genome [3] .
The current transcription network view of gene regulation represents specific transcription-factor binding sites upstream of promoters as a directed graph, linking each transcription factor to its target node (which represents the transcript and its protein product) if the transcription factor has at least one binding site with documented activity in the cis-regulatory region of the target [7] . With this definition, the interaction graph structure is given by both large-scale experiments and collections of small-scale experiments [8] . This view considers the graph of all genome (transcriptional) interactions but completely disregards the effects on gene expression due to changes of the nucleoid. The role played by the nucleoid's structure in the hierarchy of events leading to large scale transcription patterns remains largely to be elucidated. In the near future it will be necessary to incorporate these into a generalized description of the organization of the genome and the regulatory network it encodes for. This is a challenging problem because the output of the transcription network is due to the sum of both local and global regulatory signals, from the biochemical properties of transcription factors, such as their concentration and affinity for the sites on the promoter, to the mesoscopic nucleoid organization and DNA conformational and topological states.
Nucleoid organization itself remains to be fully characterized. Most of NSTFs have been identified [6] , and in some cases their local action is well known: for example, DNA bridging by H-NS or Fis is believed to be important for DNA loop stabilization [9] . Such supercoiled plectonemic loops can be topologically isolated from the rest of the genome, modulating protein binding and transcription rates [4] . On larger scales, meticulous recombination experiments have shown that the nucleoid as a polymer-protein complex is divided into six compartments, or "macrodomains" [10] . Four of these macrodomains are defined by pref- Here, we present an integrated analysis combining different independent data sources that report on (i) specific DNA-protein interactions, (ii) different levels of gene expression, and (iii) large scale nucleoid structure, in order to uncover coherent, consistent correlations between these different levels of genome organization. We focus on the spatial distribution along the genome of these data sets. Our statistical aggregation analysis shows that part of the macrodomain structure of the genome emerges directly from the analysis of the distribution of genes that change their expression when comparing wild-type versus nucleoidperturbed conditions [31] . In addition, by the analysis of specific nucleoid protein occupancy profiles and EPODS, we recover a similar structure, where the most significant regions flank the Ter macrodomain of the nucleoid defined by Valens and coworkers [10] . In the same data, we also recover a periodicity signal in analogy with previous studies on other genomic data sources related to transcription of E. coli genes and genome adaptation. Finally, a functional analysis of the clusters reveals significant enrichment of the flagellar and chemotaxis genes, together with regulators of biofilm formation.
I. RESULTS
A. The distribution of genes sensitive to H-NS/Fis deletion and supercoiling perturbations is nonuniform along the genome.
We began the analysis from the transcriptomics data of Blot et al. 
Marr and coworkers [31] detected clusters in the same gene lists with a threshold technique linking genes
with the proximity threshold t in the range 1b < t < 10Kb. We performed a different clustering analysis probing multiple scales, considering also the statistical significance of the one dimensional aggregation by comparing the peaks of the empirical histogram with the highest peak found in the histogram of randomized lists. Our method can thus define relevant clusters and also associate a P -value to them for every given scale shows all the clusters found in the Grainger data, plus additional clusters, especially found in the Ter area.
In this case, the differences are most likely due to the different growth conditions in this experiment. Kb also exists only in the distance distribution (P < 0.05).
Considering Fis and H-NS
In the WT-∆H-NS(high −σ) list, two periodicities were found at 385 and 675 Kb (P < 0.01). Both of them were confirmed in the distance distribution with periodicity of 370 and 660 Kb (P < 0.01). Two periodicities at 22Kb and 100Kb were also found only in the distance distribution (P < 0.05), while on the position distribution there is a non significant local maximum at 100Kb. No significant periodicity was detected in either the WT-∆Fis(low −σ) and WT-∆Fis(high −σ) empirical lists. It is worthwhile noticing that the periods detected in the distance distribution are systematically smaller than periods detected in the density. However, the discrepancy is relatively small (< 10%) and always smaller than the bin-size of the density histogram.
In synthesis, we found the following significant periodicities, reported in supplementary table S4: one Table S5 ). 
While the role of H-NS in the regulation of these pathways is well known, the role of Fis is
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Supplementary Methods Table SM1 The table compares Clusters and the flagellar/biofilm synthesis pathway: 
